observed in 2 of 7 (0\m=.\28)lactating and 4 of 9 (0\m=.\44)early weaned ewes compared with corresponding values of 1 of 13 (0\m=.\08) and 2 of 11 (0\m=.\18) in the 35-day post-partum group. Luteal function was normal in all standard ewes. The proportion of successful pregnancies in the standard ewes was 0\m=.\80 (12 of 15) compared with 0 in lactating and early weaned ewes in the 21-day group and 0\m=.\08 (1 of 13) and 0\m=.\36 (4 of 11) respectively in the 35-day group.
The attainment of two lambing cycles per year would radically improve the notoriously low reproductive efficiency of the ewe and partly remove the seasonal nature of sheep meat production. To achieve a 6-monthly lambing cycle ewes must be successfully mated within 35-40 days after parturition. Recent work has shown that the use of laparoscopie insemination to deposit semen at the tip of the uterine horn, thus bypassing the involuting uterus, is effective in reducing the interval from parturition to fertilization in lactating ewes Wallace et al., 1989) . However, despite successful fertilization at an induced oestrus 28 days after parturition, no pregnancies were sustained and there was a high incidence of inadequate luteal function in lactating ewes induced to ovulate by using progestagen pessaries and pregnant mares' serum gonadotrophin (PMSG) at pessary withdrawal. Luteal function was classified as inadequate when corpora lutea either failed to secrete progesterone completely, as assessed by twice daily peripheral blood samples, or caused a transient rise in progesterone lasting only 12-36 h. Lactation generally prolongs the duration of post-partum anoestrus (Mauleon & Dauzier, 1965; Kann & Martinet, 1975; Shevah et al, 1975; Kann et al, 1977) and is associated with reduced fertility at an induced oestrus during breeding and non-breeding seasons (Restall et al, 1978; (Hunter el al, 1955) , held at 37°C in ovum culture medium (Flow Laboratories, Irvine, UK) (Wenham & Robinson, 1972) .
Blood samples were taken daily at 09:00 h from all recipient ewes from Day 1 post partum until 20 days after induction of oestrus. All daily samples were assayed for prolactin and progesterone. After withdrawal of the CIDR device ewes were sampled at 4-h intervals from + 24 to + 72 h to determine the onset time of the preovulatory LH surge. These samples were assayed for LH only.
Hormone assays LH and prolactin were measured in duplicate by specific double-antibody radioimmunoassays as described previously (McNeilly & Andrews, 1974; McNeilly et al, 1986) . The sensitivities of the assays were 005 ng LH (NIADDK-o LH-25)/ml and 008 ng prolactin (NIADDK-o PRL-17)/ml. The intra-and inter-assay coefficients of variation were 5-9 and 9-5% and 5-2 and 10-5% for LH and prolactin respectively. Progesterone concentrations were measured in 100 µ aliquants of plasma by radioimmunoassay as described by Djahanbahkch el al. (1981) . The intraassay coefficient of variation was 12-5%, the detection limit was 0-3 ng/ml and the recovery of progesterone from plasma was 62-9 ± 11% (n = 2000).
Statistical analysis
Unless indicated otherwise the results were analysed by a 2-way classification analysis of variance in which the main effects of number of days post partum and early weaning versus suckling and their interaction were examined. Due to the unequal number of animals in each group the analysis of variance was carried out by regression.
Results

Experiment 1
Oestrus and ovulation rate. The proportion of ewes induced to show behavioural oestrus coinci¬ dent with Day 21 post partum was 0-86 (6 of 7) and 10 (7 of 7) for early weaned and lactating groups respectively. Corresponding values at Day 35 post partum were 10 (7 of 7) and 0-57 (4 of 7). Fig. 4 . The mean peripheral progesterone concentrations for those ewes with normal luteal function was not significantly different between groups from Days 1 to 14 of the induced cycle and, furthermore, was not correlated with whether pregnancy was established (Figs 3 & 4) . Similarly, no correlation was found between plasma progesterone concentrations during synchronization of oestrus with the CIDR device and subsequent luteal function or pregnancy within post-partum groups. The incidence of inadequate luteal function was higher (P < 0*05) in 21-day (6 of 16) than in 35-day (3 of 24) post-partum ewes. Inadequate luteal function consisted of either no rise in peripheral progesterone concentration after ovu¬ lation or a transient increase in progesterone lasting only 1-2 days. The corpus luteum of all these ewes had previously been considered to be regressin g at the time of surgery on Day 5 of the cycle because of their pale appearance. None of the standard ewes exhibited abnormal luteal function.
Prolactin. Daily plasma prolactin concentrations from Day 0 to 40 post partum are illus¬ trated in Fig. 2(b) . Plasma prolactin values fell abruptly within 48 h of lamb removal in all early weaned ewes and thereafter remained low (mean ± s.e.m., Day 2 post partum, 107-0 ± 21-8 ver¬ sus Day 4, 11-9 + 2-2ng/ml, < 0001 Student's t). Prolactin concentrations in lactating ewes were significantly higher (P < 0001) than in early weaned and standard ewes throughout the study.
Discussion
The results of the present studies show that the use of an intravaginal CIDR device containing progesterone, in conjunction with exogenous gonadotrophin, is highly effective in inducing oestrous behaviour and ovulation in the early post-partum ewe during the non-breeding and breeding seasons. This synchronization method was equally as effective at inducing oestrus on Day 21 as Day 35 post partum and was independent of seasonal and lactational effects. Pre¬ viously, progestagen-impregnated pessaries and exogenous gonadotrophin have been extensively used to induce oestrus in lactating ewes (Cognie et al, 1975; Dawe & Fletcher, 1976; Cognie & Pelletier, 1976; Rhind et al, 1977; Quirke et al, 1981) but none of these studies attempted to induce oestrus as early as 21 days post partum. Indeed our own observations (J. M. Wallace & J. J. Robinson, unpublished observations) suggest that progestagen pessaries form a physical barrier to the passage of detritus originating from the involuting uterus and this may impair absorption of the progestagen from the pessary by the vaginal mucosa. The structure of the CIDR device used in the present studies was observed to permit fluid drainage while in situ and therefore offers considerable advantages over progestagen pessaries in synchronizing early post¬ partum ewes which are still undergoing uterine involution.
We have confirmed and considerably extended our previous observations (Haresign & Lamming, 1978; McNeilly et al, 1981; McLeod et al, 1982a, b; Wallace et al, 1986) . However, in the present studies subnormal luteal function in post-partum ewes cannot be explained by inadequate progesterone and/or gonadotrophin priming because peripheral plasma progesterone concentrations during CIDR-device synchro¬ nization of oestrus were similar to those in standard ewes and were not correlated with sub¬ sequent luteal function in any of the treatment groups. Furthermore, we have previously shown that the onset and magnitude of the preovulatory LH and FSH surges in ewes induced to ovulate in the very early post-partum period were not related to subsequent luteal function and were independent of stage post partum are elevated for the first 3 weeks post partum and thereafter decline (Fredriksson, 1985) . Hyster¬ ectomy at Day 1 post partum hastens this fall in PGFM concentrations, confirming that prostag¬ landins from the post-partum uterus probably cause the high concentrations of PGFM in jugular plasma at this time (Lewis & Bolt, 1987) . Similarly, removal of the uterus maintains the luteal life-span (as determined by peripheral progesterone concentrations) of inadequate corpora lutea induced by GnRH therapy in seasonally anoestrous ewes (Southee et al, 1988) and of the first corpus luteum formed after early weaning in post-partum cows (Copelin et al, 1987) . The majority of abnormal corpora lutea monitored in the present studies either fail completely to secrete progesterone or show a transitory increase lasting 24-36 h. Whether they are sufficiently advanced with respect to progesterone secretion to be sensitive to a uterine luteolysin remains to be established.
As lactation generally prolongs the interval from parturition to first oestrus in naturally ovu¬ lating ewes (Mauleon & Dauzier, 1965; Mallampati et al, 1971; Fletcher, 1973; Shevah et al, 1975) we suggested that suckling-induced hyperprolactinaemia with its associated suppression of gonadotrophin secretion (see McNeilly, 1988, for (Mallampati et al, 1971; Call et al, 1976; Schirar & Martinet, 1982; Novoa, 1984 (Cognie et al, 1975) .
Of the ewes that received embryos following induction of ovulation at 35 days post partum, the number of lambs born was very small. Nevertheless comparison of the birth weights of singleton lambs from standard post-partum ewes, expressed as g/kg weight0'75 of the ewe at the time of transfer, showed that the values were more variable and, although marginally lower for lambs born from post-partum ewes (231 + 28-9 versus 247 + 7-6 g/kg0'75) were still above the values predicted from the data presented by Donald & Rüssel (1970) . There is therefore no real evidence that the prenatal growth processes of lambs born to ewes receiving embryos at Day 35 post partum were adversely affected by the uterine environment.
Communication between the maternal uterine environment and the embryo is known to be vitally important to the establishment of pregnancy in normally cycling ewes and is mediated via secretions from both the endometrium and the embryo (Bazer & Roberts, 1983; Bazer et al, 1986) . As 
